Image Display Projector 



BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to an image display pro j ector 

for displaying an image formed by a reflective light valve such 
as a DMD onto a screen. 

Description of the Related Art 

10 In recent years, the DMD (Digital Micromirror Device: 

a trademark of Texas Instruments Incorporated) has attracted 
attention as a light valve used in the image display projector. 
The DMD electrically controls a plurality of 16 x 16 micron 
mirrors (hereinafter referred to as micromirrors ) disposed on 

15 a silicon substrate, thereby controlling the reflection 

direction of light rays incident on micromirrors, each of which 
corresponds to a pixel. By tilting each micromirror +10 or 
-10 degrees, the incident light is separated into ON beams, 
which enters into a projection lens, and OFF beams blocked by 

20 a light absorber. The ON beams reflected by the micromirrors 
are projected through the projection lens and form an image 
onto a screen. 

In conventional image display projectors using the DMD, 
a light generatedby a light source is directed to the DMD surface 

25 using reflecting mirrors. These reflecting mirrors reflect 
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the light to predetermined directions so as to introduce the 
light from the light source to the DMD surface. In such a 
structure, a prescribed spacing is required between the axis 
of the light emitted from the light source and the axis of the 
ON beams separated by the DMD, and so it is difficult to realize 
miniaturization of the projector. 

As a solution to this problem, optical systems to 
miniaturize projecting device are disclosed in Japanese Patent 
Laid-open No. 2000-98272 and Japanese Patent Laid-Open No. 
2001-183603. In the disclosed proj ecting devices, a light from 
the light source is reflected by a first reflecting mirror, 
and the light reflected by this first mirror is reflected toward 
the DMD surface by a second reflecting mirror. Each optical 
element in the disclosed projecting devices is arranged so that 
the axis of the light emitted from the light source that enters 
into the first reflecting mirror becomes perpendicular to the 
axis of the ON beams separated by the DMD that enters into the 
proj ection lens . By introducing the light from the light source 
to the DMD in this manner, the axis of the light emitted from 
the light source and the axis of the ON beams can be placed 
close to each other, thereby reducing a size of the device. 

Although the projecting devices cited above reallize 
miniaturization, they use a spherical or concave mirror for 
the second ref lectingmirror , which is liable to cause aberration. 
Thus, angles of the light rays incident on each micromirror 



of the DMD become not uniform due to the aberration caused by 
the second reflecting mirror. Consequently, the ON beams and 
the OFF beams are not fully separated, and the contrast of the 
projected image decreases. Furthermore, because the 
5 directions of the ON beams reflected by the micromirrors also 
become not uniform, the quantity of the ON beams entering into 
a pupil of the projection lens decreases. Thus, the brightness 
of the image displayed on the screen deteriorates in the 
periphery. 

10 This problem becomes more pronounced when the relative 

aperture of the second reflecting mirror is decreased to 
miniaturize the device. 

SUMMARY OF THE INVENTION 
The present invention is directed at solving these problems, 
and an object of the invention is to miniaturize the projector 
without causing contrast deterioration or uneven light 
intensity. 

In one aspect of this invention, an image display pro j ector 
includes a lens element for focusing a light beam from a lamp 
light source, a reflecting mirror for reflecting a light beam 
emitted from the lens element, an elliptical mirror for 
reflecting a light beam emitted from the reflecting mirror, 
a light valve for modulating a light beam reflected by the 
elliptical mirror, thereby forming an image light, and a 
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projection lens for projecting the image light onto a screen. 
In this image display pro j ector, a light focusing point, where 
the light beam emitted from the lens element is focused, is 
symmetric to one of the two focal points of the elliptical mirror 
5 with respect to the reflecting mirror, and the center of an 
entry pupil of the projection lens is symmetric to the second 
focal point of the elliptical mirror with respect to the light 
valve . 

In another aspect of this invention, an image display 
10 projector includes a first lens element for focusing light from 
a lamp light source, a prismatic optical element, a second lens 
element for focusing a light from the prismatic optical element, 
a reflecting mirror for reflecting the light from the second 
lens element, an elliptical mirror for reflecting the light 
15 from the reflecting mirror, a light valve for modulating a light 
beam emitted from the elliptical mirror, thereby forming image 
light, and a projection lens for projecting the image light 
onto a screen. In the image display pro j ector , a light focusing 
point, where the light beam emitted from the second lens element 
20 is focused, is symmetric to one of the two focal points of the 
elliptical mirror with respect to the reflecting mirror, and 
the center of an entry pupil of the projection lens is symmetric 
to the second focal point of the elliptical mirror with respect 
to the light valve. 

25 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figs. 1, 2 and 6 are diagrams each illustrating an image 
display projector of the present invention; 

Fig. 3 is a diagram illustrating a front view of a color 

wheel; 

Figs. 4 and 5 are diagrams each illustrating a light pipe. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
The present invention will now be explained with reference 
to the drawings which show an embodiment thereof. Fig. 1 is 
a diagram showing a side view of an image display projector 
of this invention. As illustrated in Fig. 1, the image display 
projector of the invention comprises a lamp light source 1, 
a lamps reflector 2, a color wheel 3, a light pipe 4, relay 
lenses 5 and 6, a reflecting mirror 7, an elliptical mirror 
8, a reflective light valve 9, and a projection lens 10. Fig. 
2 is a diagram illustrating the positional relationship of the 
relay lenses 5, 6, the ref lectingmirror 7,. the elliptical mirror 
8, and the reflective light valve 9. 

A high pressure mercury lamp or a halogen lamp may be used 
as the lamp light source 1. The lamp light source 1 is located 
at one focal point pi of the lamp reflector 2, which has an 
elliptical face. The lamp reflector 2 focuses a light beam 
L0 emitted from the lamp light source 1 on the other focal point 
p2. An entry face 104a of the light pipe 4 is located at the 



focal point p2 . 

Fig. 3 is a diagram showing a front view of the color wheel 
3 . As shown in Fig . 3, the color wheel 3 comprises color filters 
103R, 103G, and 103B, which convert and transmit incident light 
5 into red (R) , green (G) , and blue (B) light, respectively, and 
a motor 103d which rotates these color filters 103R, 103G, and 
103B, in the direction of the arrow. In Fig. 3, broken line 
103e indicates a locus of a light beam LI, which is transmitted 
through each color filter 103R, 103G, and 103B. By sequential 
10 transmission through the color filters 103R, 103G, and 103B, 
rotated by the motor 103d, the light beam LI is converted into 
red, green and blue light, enters into the entry face 104a of 
the light pipe 4. Each optical element after the color wheel 

3 receives red, green, and blue light, sequentially. 

15 Fig. 4 is a diagram illustrating a detailed configuration 

of the light pipe 4. As shown in Fig. 4, the light pipe 4 is 
formed in a pipe form with four plane mirrors 104c having their 
reflective surfaces facing inward. 

Fig. 5 is a diagram illustrating a function of the light 

20 pipe 4 internally reflecting light rays. As shown in Fig. 5, 
the light beam LI converges at the focal point p2 formed on 
the entry face 104a of the light pipe 4 and then enters inside 
the. light pipe 4. Light rays entering inside the light pipe 

4 are either reflected a predetermined number of times on inner 
25 faces of the light pipe 4 or pass through without reflection 
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to the inner faces. The light rays reflected on the inner faces 
of the light pipe 4 are superimposed on the emission face 104b 
as though they were light rays emitted from virtual light source 
points p2a, p2b, p2c, p2d formed on a plane SPO which includes 
5 the entry face 104a. By superimposing a plurality of light 
rays reflected on the inner faces of the light pipe 4, as shown 
in Fig. 5, a rectangular light source image of high uniformity 
is formed at the emission face 104b. 

A light beam L2, emitted from the light pipe 4, enters 

10 in the relay lenses 5 and 6. A light beam L3, emitted from 
the relay lenses 5 and 6, is focused on a focal point CP and 
then spreads in the direction of the reflecting mirror 7. At 
the same time, images of the light source points is formed on 
a plane SP1, where the focal point CP is formed. These images 

15 of the light source points correspond to the virtual light source 
points p2a, p2b, p2c, p2d formed on the plane SPO, where the 
entry face 104a of the light pipe 104 is located. This means 
that the planes SPO and SP1, as well as the focal point p2 and 
the focal point CP have conjugate relationships. 

20 The relay lenses 5 and 6 are arranged so that the reflective 

light valve 9 has a conjugate relationship with the emission 
face 104b of the light pipe 4 on which the rectangular light 
source image is formed. The emission face 104b is shaped 
analogous to a surface of the reflective light valve 9 so that 

25 an illumination of uniform light intensity can be obtained at 
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the light valve 9. 

The reflecting mirror 7 reflects the light beam L3, which 
spreads from the focal point CP, towards the elliptical mirror 

8 which has a reflecting face with an elliptical shape. The 
5 elliptical mirror 8 reflects a light beam L4, towards the 

reflective light valve 9. A light beam L5 reflected by the 
elliptical mirror 8 illuminates the reflective light valve 9. 
The reflective light valve 9 modulates the light beam L5. A 
modulated light beam L6, which forms an image, is reflected 
10 to the projection lens 10. The light beam L6 enters into the 
entry pupil of the projection lens 10. 

The DMD or a reflective liquid crystal panel may be used 
for the reflective light valve 9. The reflective light valve 

9 receives R, G, and B sequentially. The cycle at which the 
15 R, G, and B light successively changes is sufficiently fast 

that these three colors of light is integrated into a full color 
image in the observer'' s eye . The image formed by the reflective 
light valve 9 is projected on a screen, which is not shown here, 
by the projection lens 10. 

20 Fig. 6 is a diagram illustrating the image formation 

relationship of each of the optical elements included in the 
image display projector of the present invention. In Fig. 6, 
EPa and EPb respectively indicate the focal points of the 
elliptical mirror 8. A key feature of the image display 

25 projector of this invention is that each optical element are 
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placed so that the focal point CP of the light beam L2 focused 
by the relay lenses 5 and 6, and the focal point EPa of the 
elliptical mirror 8 are symmetric with respect to the reflecting 
mirror 7, and the center point 10c of the entry pupil of the 
projection lens 10 and the other focal point EPb of the elliptical 
mirror 8 are symmetric with respect to the reflective light 
valve 9. In this configuration, the focal point CP forms a 
conjugate relationship with the focal point EPa, and a center 
point 10c of the entry pupil of the projection lens 10 forms 
a conj ugate relationship with the focal point EPb . Furthermore , 
a geometrical property of the elliptical mirror 8, which has 
two focal points EPa and EPb, whereby the light emitted from 
the focal point EPa is all focused to the other focal point 
EPb, realizes a complete conjugate relationship between the 
focal point CP and the center point 10c. In this complete 
conjugate relation ship, angles of light rays incident on the 
reflective light valve 9 become uniform, and the light rays 
are fully separated into the ON light beams and the OFF light 
beams. Furthermore, since the light beam L6 modulated by the 
reflective light valve 9 is converged on the center point 10c 
of the entry pupil of the projection lens 10, it enters into 
the projection lens 10' without loss. Accordingly, a high 
contrast image with even brightness is obtained on the screen. 

In the image display projector discussed above, the 
conjugate relationship of the emission face 104b of the light 



pipe 4 and the reflective light valve 9 can be formed 
independentely of the conjugate relationship of the focal point 
CP and the center point 10c of the entry pupil of the reflection 
lens 10. 

5 As described above, the image display projector of this 

invention includes the elliptical mirror 8, and the optical 
elements in this image display projector are placed so that 
the focal point CP formed by the relay lenses 5 and 6 is symmetric 
to the focal point EPa of the elliptical mirror 8 with respect 
10 to the reflecting mirror 7, and the center point . 10c of the 
entry pupil of the projection lens 10 is symmetric to another 
focal point EPb of the elliptical mirror 8 with respect to the 
light valve 9. This feature realizes small sized image 
projector of high brightness and high contrast. 
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